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CAW4 AND X-RAY ASTRONOMIC: 
"W &iETHODS OF SPACE RESEARCH 

Galilea made his te leempes with his Own hands and hio 
obsarvationo uere i n i t i a t e d  with an instrumsnt uhioh affarded 
only thirtJr- fbld  olPrgIlifioatisn, To render the greatness of  
Gallleo8a astronomioal roeearoh itar due, suffiee it t o  rem11 
that  he disoovsred tihe A o n r  brighteet &mtel l i te~  of Jupiter, 
the pheaes sf Venus, laountains OD the MOOD and spots on the 
Sun, AatronomyBe subsequent deveIogment can be oharecteriaed 
by a whole series of aahievementa, but we l imit  Our8elves t o  
pointing out thst the advanea, of astronomy during a l m ~ e t  350 
gears (&om GalLleoBs time up t o  the middle  of our oentury) 
w n  be %neaaare&a just by the diameter of  te lssoopea,  llhe 
dlametar of Oalileo'e beat insatrumetrta was not muoh more than 
f i v e  oentilnetera and their lsngth equaled about a lpeter. !#!he 
large& pr~srant-dey telesoope, put into operation i n  1948, has 
a Uror f b e  nwtero in diameter. Thus the, angular resolution 
and il luminating pow= of teleaoopea have inareased about 100 
and 10,000 t i m e s  respectively. 

But one thLng has remained unohanged in astronomg from 
long ago when obasrrvationij were mde by the naked eye alone: 
unt i l  reaeatlg a l l  oboemations were made soleliy through the 
mOptieaL window of transmittanoe" in the atutosphere. As is 



knOro0, the atmosphara p a n n i b  the msaage of sleatrogagnetfe 
uaves with a length grsater t h a n  -25,000 1 = 0.8 /u 
than scwcxral demdee of miorone, The human eye 1s insensitive 
exoept to an even mrrmer r e g i o n  o r  the spotrum, v i z ,  from 
0.4 to 0.76 t 0.8 p , Conse~uentlg most observations were 
oondwted i n  vis l ible  l i g h t ,  and thn inveatigatiom -- a8 yet 
possible f m m  the Xarth'a ourfaocr 0- in the adjaeent altra- 
v i o l a t  end in f iared reglonr played a maadary part.  

and lffee 

Elomever, e leatramgnetio wave8 o f  a l l  Mnda, ranging in 

It i e  tharerop8 OBVIOUB, men w i t h o u t  spaoia1 proofs, 

length *oca haadred8 of meters t o  inf initeeiBsel  parts o f  an 
Pngetr~m (aie;arr 11, appear in th unimmm ana oonrey irnfer- 
mation. 
that if the Universe is observed solely through the o p t i w l  
window of trancslllittanoe, tha reeal tant  pietwo is an 6XOtBe8- 
i n g l y  poor one, 

It ie the appearance and ever-wider aaploymsnt of non- 
optical methods o r  imeetigaffoa w h i o h  aonatitate the ol?srraa- 
t e r i s t i o  and mart important feature in the developmarnt of 
aatronomy at  the present ti- ( i n  prastiee, s i n m  1945-1948). 
In this conneation the greateat importame has wme t o  attacrh 
t o  the radis  nusthod aonrrislting i n  tha reoeption of ooaaie 
radLo mavea, !Phis oonatitutss narrad4ys the task o f  an ent-8 
large braeln cf astmmmy -0 mdio sitronomy, 
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Thoro exists in the atmosphere, apart from the s p t i a a l  
afndor of  transmittmme, B arad%o arfndowon Tha wave8 amre- 
aponding to this wlndor range i n  leugth from several m i l l i -  
meters t o  deeadea of mbters ( the  Earth's atmosphere is opaque 
or ,  a t  timy = tee  not alwaya tmnsperent f o r  longer raves) , 
In leas  than twenty years radio astronomy has developed 
tremendouslj  and is now i t se l f  already divided into a numb- 
of epeoialities: metagalaatio and galaotio rad io  astronomy; 
aolar rat&@ astronomy; soloao-glsnetary and radar radfo astron- 
omy, m y  a r t i o l e a  have already been written about the pmg- 
rea8 attained in ea& o f  the88 f ie l&s,  

Eleotromagnetie wave8 whose leqgth is outside the 
range o f  tlm above-lndioated windows of tranamittanoa do not 
rea& the Earth's aurfaoe. Rerohing ths Earth, a w r t  i r o m  
light waves and radio waves, are only meteorites, m u t r i m s  
and gravitat ional  aavea, MetsorLltea have already long beem 
studied and the i n f b m t i o n  whioh they give about spaoe i s  
a t i l l  fir from exhausted owing to  the oontinuing iraproveanent 
in the methode of radioehemirrtry, Mention has frequently been 
made in reoent time of  a naaoent neutrino astronomy [See 
EoteJ, 33m mast tangible thing i n  this rergsrd is tha detso- 
t ion  o f  solar neutrinoPo, whioh all mah it poss ib le  t o  ab- 
t a i n  data a8 to nuolear reaetiones taking p l a m  I n  the depths 
Of the Sun, As for the reoeption of  oosnie gravitat ional  
waves, not only haa thia, not a8 yet been aoaorqplished, but a t  
present wnerete w a y 8  o f  solving this task are not a8  yet 
even r~m@meablf~  in the near ihture,. 

[Notel: See Priroda (Nature), 1960, No, 8,  p, 99, 

W i t h  the launching of eatell itea and spaoe roeketa it 
beoame possible  not only t o  aake invest igat ions  by RdFP8& 
rneth0d8,~ so t o  @peak (a8 an example we may take the m6a8um- 
ment, a8oompli8hed onboard Pobket8, o f  eleotron eonasntration 
in the intarplamtary envfrarolaant), but a l s o  t o  develop "sat- 
e13iteu and rookef alrtronomy, The apparatus installed on- 
board sratellites and roekmts mn record radio naves lying out- 
side the radio rindon of transmittanae ( i o  e, uave8 le88 than 
a few millfmaters and more than teas and hundreds o f  msterer 
in length), f&r-Infrared radiation (ravelength *om tan ai- 
omna to  radio-frequency r e d o n )  and a11 eleetromagnetie wm08 
less than 0.8 p in length, i ,  e, ultravio let  rws, X-ray8 and 
g a m a  raya, Lastly,  e a t e l l i t e s  and rookets  reaard grimarg 
ooeanio rays -- i n  the main, protons and nuolei o f  different 
elements with energy exoeeding hundreds of millionrr of else- 
t ronro l t s ,  In primerg cosn~lo raya eleotpom and positrons 
are a l so  present, Coamie rays also oomcsg valuable astronom- 
i o a l  information [See Notel. 
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[Note]: See, fbr example, Priroda (Nature), 1958, NO. 
8 ,  BP 3-13. 

Thu  one oart aotual ly  aasert that o p t i a a l  astronony 
has Lo& its  quael-monopoly pos i t ion  and new UfndOW8 opening 
Into the  Uhiverae have been dieaovered, 

A f t =  this somewhat drawn-out but -- we hope -- useful 
introduotion, let us dwell in greater d e t a i l  on two lnterre- 
rated aetrommieal speofa l icat lone  -- garmna astronomy and X-ray 
astronomy [See Note]. 

[Motel: A f u l l e r  exposition o f  the question of gamma 
and X-ray astronomy i e  oontained in the authors' atrticle i n  - UFN [Uspekhl fizicrhesltikh nauk; Progreas i n  the Phwloal Soi- 
enoeel,  Vol. 84, 1964, No. 2, p, 201. 

1 ro36ym~erruii 
l T O M  O X O M  

Figure 2, Irradiation during eleotron tranofer 

Keye : 

1. Exoited atom 
2. Naoleue 
3. Ebotron 
4. Emitting atom 
5, Photon 
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Gamma Astronomy 

As ie known, t he re  is no eharp boundary between gamma 
( T  ) r a y s  and roentgen rays, 
a r b i t r a r i l y  des i  nate eleotromagnetiu r a d i a t i o n  whose corre- 
sponding quanta f photons) have energy [See Note 3 grea tar than 
0.1 MeV- UlO,OOO ev or  wavelength h less than  0.1 8. 
s i g n i f i c a n t  biffersnoe between gama and roentgan rays is t h a t  
they usually h u e  a d i f f e r e n t  o r ig in ,  Thu8, roentgen rays are 
emitted by f a i r l y  heavy atoms during e l e o t r o n  t r a n s i t i o n  be- 
tween energy levels aorreeponding t o  deep e l e o t r o n  shells 
(Figure 2). 
braking 02' f a s t ,  but a a  yet  n o t  r e l a t i v i a t i o ,  eleotronlp (Fig- 
ure a) ,  I n  oontretat, gamma my8 are a n i t t e d  8s the r e s u l t  of 
o the r  proeeeses  which we s h a l l  now enumerate. 

Therefore as e m m a  rays we shal l  

The 

In add i t ion ,  X-radiation o r i g i n a t e s  dur ing  the 

CNotcsJ: Photon energy E = h d  , where h = 6.63 lom2' Ph 
erg/uecr is Plana ' s  oonsrtant and Y = e/x is r a d i a t i o n  

treqwnoy ( 0  = 8 1 0 ' ~ ~  om/mo, and r i a  wavelength i n  ea). 

erg and 1 om Let us rem11 alrao that 1 ev equal8 1.6 10 -12 

where is meaaured in #ngstr iS~,  and photon ener@;y E in 
Ph 

ele etronvo It 8 ,  

1, In som transitionrm between levels; gamma rays w i t h  
eaerg up t o  approximately Mev o r i g i n a t o  f n  atomio n u o l e l  (Fig- 
u re  4 v 

2, Gamma rays are ionned during the a n n i h i l a t i o n  of 
an eleotron-posi t ron p e i r  (Figure 6 ) .  In thie m889 if the 
eleotron and poeitron have a loa ve loo i ty  and are ann ih i l a t ed  
in vaauo, usual ly  only  two gama photon8 appear,  the energy 

1161 the ma88 of the eXeotron, 
O f  moh of then being au8 = 0.61 Mm, where m = 9.1 IOo2* 6 

3, They appear also during the bmkging of eleofrons 
whose v e l o o i t y  approaches t h e  egeed of l i gh t ,  f o r  example a 8  
a r e s u l t  of the i r  o o l l i s i o n  with protons o r  quiesoent elea- 
t r o n a ,  Or ig ina t ing  i n  this ease is eleetromagnetio r a d i a t i o n  
f o r  e i c h  the oorrespoading photons have energy E (See 
Figure  3). Thus, on the  basis of the boundary whiob we have 
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assumed between &amma rays and X-rays, etspping -ma raya are 
formed by eleotrons w i t h  energy E greater than 0.1 MeV. 

Figure 3, Brenmetrahlang duriryg m l l i s i o n  
of eleotron with nuoleue 

1, elecrtron 
2, photon 
3, oharged gartiole 

u i n y q ~ s u i e e  
2 aRPo a 

Figure 4, Radiation during intrannolaar 
exoi tatiom 

Keyrs: 
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Fi-e 6, Annihi la t ion of eleotron and pos i t ron  

4, Eleot ronr  with energy g r e a t  enough generate gamma 
ray8 also as  a r e s u l t  of a o a t t a i  by o p t i c a l  (li&t) pho- 
t o n s  (the so-cmlled Comgton e f f e a t  7 [See I!?otaJ. 

The s e a t t e r i n g  o f  gamma quanta by quiesoent 
o r  slowly-moving e l eo t rons  is usually a a l l e d  the Compton ef- 
fee t ,  In this w m e o t i o n ,  the, B o a t t a r i n g  o f  eleotrons with 
high energy by o p t i c a l  photons (the average energy of sueh 
photons f o r  solar r a d i a t i o n  equals approximately 1 ev) i s r  
sometimes oalled the revere0  Compton effeet,  But, praotical ly  
speaklag, we are dealing in both 08888 with the  identioft1 
phenolloenon and t h e r e  l a  no need here t o  use two des igna t ions ,  

[Note]: 

In thier l a t t a r  prooeos rapidly-moving e l ec t rons  on eol- 
l i d i n g  with light photone impart t o  the lattar part of their  
energy (Figure 6 ) ,  As a r e o u l t  the energy of the scatterad 

than their  energy prior t o  aoa t t e r ing ,  Thus, l i g h t  photons 
with energy of about 1 ev, i n  the event of s o a t t a r i n g  by 
r e l a t i v i s t i o  e leo t rona  with energy E) 300 aro 'z  150 MeV, 
generate gama rays with energies ET > 0,l MeV, 

5 ,  In oaae oosmicr rage o o l l i d s  with the nuo le i  of 
i n t e r s t e l l a r  gas, n e u t r a l  and charged pi-mesons are grOdUoeB, 
N e u t r a l  mesons deoay vary r ap id ly ,  gene ra t ing  two ga~uaa N o -  
tons (Figure 7) .  Thet energy of these photona depends on the 

and on the  d i r s e t i o n  of eaoape, b u t  i n  praatioe always 8x0 
creeds 50 Mev. 

photons proves t o  be on the average ( E / b  2 2  ) times greater 

V a O e i t g  With Whicth the VO-lllcPron IS aPViW WiOr  to deoag 
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Figare 6 ,  Eleatron-photon mattering (Compton 
effmt) 

1. Ogtioal photon 2. Gamma photon 

1 

Figare 7, flo-memn produotion and deeay 

2, Gam- photon 



Thus ,  unlecss we t a l k  about nuclear  and a n n i h i l a t i o n  
g a m  rays w i t h  comparatively low energy, the p r i n c i p a l  role 
in the generat ion of gamma r a d i a t i o n  is p l a p d  by fast  par- 
t h l e a  and, p r imar i ly ,  by manic! rays, inuluding the i r  &eo- 
t r o n i  c oomponent. 

The intensity of the gama r a y s  appearing in a oertain 
r e a o n  of the Oniverrsa gs obviously proportionax not only to 
the  i n t e n s i t y  of the oownio rays  generating them, but  a b o  
t o  the conctentration of gas (or l ight  photona t h e  case of 
prooers 4) i n  this reg i sn .  Some data e18 to the charaatar of 
the d i s t r i b u t i o n  o f  i n t e r s t e l l a r  gas have already been obtain- 
ed by the methods of o p t i c a l  a d  r a d i o  a&%tronamg, A s  fbr the 
d i s t r i b u t i o n  of mmia rayor in the Universe, epeairie d a t a  are 
ale0 a v a i l a b l e  on t h i8  ewro, eepec ia l ly  if i t  is a matter of 
our stellar sgatem -- tis Galaxy. 

In  wntrast to  msmia rays &am= raye propagage in %he 
Universe r e o t i l i n e a r l y  and praotfmlly withcut absorption. 
Therefbre, in prinoiple ,  obeerving them enables o m  t o  stuw 
d i r e o t l g  the o p a t i a l  d io t r ibu t ion  of the cte8Bfe gart io l ee  
that  gensratr these rays ,  and one can a l so  mfim the avail- 
able  date regard ing  the densi ty  o f  in ters te l lar  and inter- 
g a l a u t i a  gas. 

Of eepeoial interest, Beaidas, ere the opporttlaititm 
opened up by gamma astronomy Br studying the Metagalaxg, At9 
yet  erg l i t t l e  i a  known about ctosmict r ays  in tho Metagalaxy, 
i ,  e, outside t he  l i m i t 8  o f  the Galaxy. But the very fir& 
resrnlte of gamnrn aatronamy have pe rmi t t ed  uertain valuable 
oonoluaione t o  be drawn on this sa~re .  

Analgeis  of these data &ow8 that  the intenrsi tg  of the 
e l e c t r o n  oomponent of mrsnic rays in the Metagalaxy ia sig- 
n i f i o a n t l y  l0tacr;c (cat leaet thirty time8 l esa)  than i n  the 
Galaxy. Otherwise, a8 a r e s u l t  of e l eo t ron  m a t t a r i n g  by the 
l ight  photonar emanating f rom stars and galaxies (process 4) , 
the gam= flux w o u M  have been greater than the upper limit 
experimn t a l l y  esta b liahed. 

The, low i n t e n s i t y  of eleotron oomgonent makes it ex- 
oesdingly  probable t h a t  t he  tota l  i n t m a i t y  of wslllio rays 
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(including protous and heavier nuole i ]  i n  the Metagalaxy ie 
also lor ,  This  wnulaaiorn aan be d e f i n i t i v e l y  v e r i f i e d  with 
further inareasr in the aaouraoy o f  e X p e r i ~ ~ n t 8  involving the 
observation of oomio gemma ray8 and, part ioular ly ,  aft- the 
determination o f  the rata of the above-laentione8 procese o f  
vo-memn produotion and d6my. 

Metaga1aat.b gamma radiat ion arrives here uniformly 
from a l l  direotfons,  In oontraae, the gantne rad ia t ion  of 
ga lao t ia  origin i e  already anisotropio,  For exauple, ga laot ia  
gamma rays, r e s u l t i n 8  from the.deoay o f  'iTo-msona w i l l  00- 
mainly f r o m  the center of the Galaxy beeanse this is the dime- 
t i o n  in uhioh most o f  the i n t e r s t e l l a r  gas is concentrated 
(Figure 8 ) .  

Fiepro 8 ,  Distr ibut ion o f  matterr and radia- 
t i o n  in %he Galaxy 

\ 

Keys  : 

1, Solar System 
2, Light photons 
3, Interstellar gas 
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In addi t ion  to the general nretagalaat io  and galastie 
gama r a d i a t i o n  generated in in te rga lac t t ie  and i n t e r s t e l l a r  
~pacte, great i n t e r e s t  atfaohm t o  t h e  gamma r a d i a t i o n  f r o m  
i n d i v i d u a l  so-oa1led disarete  8ouroeo. Them8 eri& in the 
Universe a ahole series of formations (supernovae, radio 
g a l a r i e a ,  v a r i a b l e  nuale€ of galaxies and m-called hyper- 
atare or quasi-ste Uars) , aharaoterised by powearful explosive 
pmoesasss. with great r e l e a s e  of enargy, Suah objeota om be 
sopPo88 of i n t e r n e  gaam radiation, 
rays i r o m  diaorgts souroe8 rill obviously make it possible t o  
ehed light on the nature of these souroe8 or, a t  any ra te ,  t o  
o b t a i n  iatportant daw regarding them, 

The reception of ganm 

Hyperstare  may be o i ted  a8 an eerpeoially striking exam- 
ple,  Hot u n t i l  196a ua8 it established (and t h i s  di8eovery fa  
with fill reaeon regarded  as t h e  most outs tanding s o f a n t i f i e  
event of 1963) that in t h e  UnfVer8e there care mmpara t ivs ly  

v ious ly  wknom, a d  they were given the degignation of hyper- 
s t a r 8  or q u a s i - s t e l l a r  sur008 [See Note a] ,  The n a t u r e  of  
hyperstars and the meohanism of W e i r  l d n e s o e n c e  a r e  st i l l  
a l t o g e t h e r  obsoure. One of the p o a a i b i l i t i e e  -0 whioh t o  many 
cpeema the l i ke l i e s t  -- it3 t h a t  n o t  on ly  the r a d i o  emission Of 
hgpert~tars but also their  o p t i o a l  r a d i a t i o n  iS maagnetia BrglUs- 

SEW=, bu% exoeptiotlally b r i g h t  formation8 Of a tyw we- 

etkahlung (magnitotormznoye There is no need 
here to  e x m t i a t e  uDon maunet QP. a s  it is 
more f r e q u i n t  l y  oa l i ed ,  s&ohrotron rad ia t ion ,  
t o  reaal l  that  this r a d i a t i o n  o r i g i n a t e s  d u r i n g  the movelaent 
of charged p a r t i o l e e  (p r imar i ly  e b a t r o n s )  in magnetie fields 
(Figure 9). Nonthermal uowoio r a d i o  emission is ne i the r  mre 
nor less -an magnetio Bremsetrahlnng [See Note b l ,  But the 
formation of o p t i c a l  mgnetiu Brenmetrahlung in a u t e r  space 
as well had a l r e a d y  been establ iahsd a oomparatively low 
t i m e ,  ago (suoh r a d i a t i o n  i8 observed, f o r  Qxempb, U the 
ob88 of the Crab Hebuls and galaxies "Gc 4486 and M8Z). 

S d f i o e  it 

[Note a]: It is the latter term whioh is more often 
emglomd in f i re ign  l i terature ,  On photographio p l a t e s  hyper- 
etare  are  ind i s t ingu i shab le  from stars, and t h e i r  axtragalact- 
t i o  na ture  was asoertained aolely a8  a result of speotrum 
a n  aly 888. 

[Note - bl :  See 'Priroda (Nature) ,  1958, No, 8 ,  pp 3-13. 

And 8 0 ,  l e t  uhl assums tha t  the o p t i c a l  r a d i a t i o n  of 
hygerstars i e  magnetia Bremeetrahlung and let tm ctonaider, of 
~ o u r s e ,  Jus t  how this hypothesi8 is to  be v e r i f i e d .  It is 
not easy t o  d o  t h i s  fbr a number of reasons, but  one of the 
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promising weye i n  this matter is t o  use gamma astronomy. The 
t roub le  is that  hype r s t a re  are very br ight  but a t  the same 
ti- oomparatively m a l l  objeote ( the i r  s i ze  is appa ren t ly  
l e s s  than  a l ight year whereaa lhe diaxmter of o u r  Galalcg 
run8 t o  100,OO light years. For both  reasons,  a s  is a t  once 
ulear, there m u s t  be a g r e a t  many o p t i c a l  photons in t h e  
v i o i n i t g  of the emitting sur faoa  of hyperstare, Therefbr6 
s o a t t e r i n g  of relativietie eleotrons by photons r i l l ,  with 
groat prottabilitg, take p h o e  Were . Conersquently, if the 
o p t i o e l  r a d i a t i o n  of h y p t ~ 8 t ~ 8  ha8 a nmgnetic-Bremastrahlang 
aha rao te r ,  i, e, is oaarsed by r e l a t i v i s t i u  @leotrons ,  these 
tmrsme electrons w i l l ,  aB a r e e u l t  of scmt ter ing  by o p t i o a l  
photons, y i e l d  a great mny gam rays. 
stars m y  prove to be not only r emarhb le  optictal 80uroe8, 
b u t  a l s o  met porerftrl gmma-ray aou.roos. Unfortunately no 
a t t empt  has yet bean made t o  reoeive this r a d i a t i o n  of hyger- 
a t a s  and, beaidee, this Job t u n  Out t0 be OapeOfally 
d i f f i eu l t  if the s i z e  of hyperstars is asornewhat greater, and 
the oonGentration of photons a t  the surfhee sorrespondingly 
leea, than we expetat. But om thing is beyond doubt here and 
now: the reoept ion  of gamma r a d i a t i o n  from dierorete souroes 
i s  Q far from hopelear  mat te r ;  quite the ogposita, saoh reoep- 
t ion  may open up new hor izons  in astronomy. 

In o the r  words, hype+ 

Fi-re 9, Magnetis Bremsstrahlung 
Keg: 1, photon 



Lest t h i s  p o s e i b i l i t y  appear exoessively problemti eal, 
l e t  us oall a t t e n t i o n  t o  the f a o t  t h a t  gamma r a d i a t i o n  from a 
e i n g l e  Rdiaareta 8 0 u r o e ~  no t  only can be reoeired, b u t  has in 
faat already been detea ted ,  We reBr t o  the Sun, It is harb- 
ly neaeaeary IB anphasie% the exoept ional  significance whioh 
the prooeesea t ak ing  plaoe on the Sun have for human life and 
p r a o t i o a l  a o t i v i t y ,  Espeoial  interest i o  e l ic i ted  in th i s  aasa 
by aolar flares whioh r e s u l t  in the fbrmation of fluxee of 
hot  plasma, msmie rays, roentgen rays a n d  powerf41 r a d i o  
waves. It was r e c e n t l y  a s se r t a ined  tha t  d u r i n g  flares gamma 
rays a re  ale0 ganeratod (gamma r a d i a t i o n  with energy of about 
0.5 Mer ha8 been reoorded)  , No doubt the gamma te lesoope rill 
have a 8eoure place aatongatt the  i n s t m m n t a  used t o  s tudy tha 
sm. 

Supra, m l i n b d  the progress of  gamma adronolary w i t h  
the  development of the appropriate apparattm (it can be o a l l e d  
a "gemma tele8oopeP) onboard s a t e l l i t e s  and roakets, Bata ta l ly ,  
the fundamental method in &amma astrommy oons i s t8  in i n s t a z l -  
ing  onboard a a t e l l i t e u  and rooketa various t y p e  of oounterrs 
used in nuolear  physios t o  rewrd gamma raga.  T h i s  ia  not the 
eole method, haspever. Cosglia gama8 r a d i a t i o n  with high enough 
energy uan a l s o  be registared in the Earth's atmospheres aa- 
oording to the 8eoOndarg produste whioh &is mdiation oreatem 
( " e h o w e r ~ ~  o f  e b o t r o n e ,  poeitrons and softer gsnma rays], 

If we take i n t o  aocount ths prsgre,ae made in the sphsce 
of estel l i te-  and rooket-laanahing, 8~ well a8 the diversity 
of miPrthsd8 for reoording gsrmma ray8 and the seoondary produets 
ereatad by them, the pomaibility of oons t raa t ing  emor mor8 
highly improved gama t e l e m o p e e  will b e  obvious.  

X-Bay Aatrommg 

a a n i f e s t a t i o m  of rsolar aot ivi ty ,  are X - r q s  (whioh ue have 
a l ready  eient iomd),  So- X-rays hawe a l r eady  been obaeved  
repeatedly and have aont r ibu tad  valuable data about the pro- 
068aes taking g lace  in the solar atmsphero, Here, howwer, 
we are deal ing  with one of the aspeete of a singla Bhenomenon, 
studied b g v a r i o w  methods -- by o p t i m l  and radio-arstronom- 
i o a l  methods, aeoording t o  variations of ooamlo rays e t e ,  
Therefbre it ib, aout prop- to  t e l l  about mlar X-radiation 
in an a r t i o l o  devoted to the physic8 Of the S W ,  HOwevkW?, ue 
&all not  touah upon this t o p i o  in grea ter  detail, espeoia l ly  
a8 eoamlo X-radiation of non-solar provsrnienoa has been dia-  
aovered nom and i ts  a t t r a s t i n g  a g r e a t  dm1 of a t t e n t i o n .  

Alm generated during aolar three, scaong the other 

IhparlPPents oonducrted onboard r o c k e t s  in 1962 and 1963 
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made gossible  t h e  d e t e o t i o n  o f  isotropic (nbaakgroundm) X- 
radiat ion ooming from a l l  d i reo t iom almst uniformly. A t  
the sane t ime ,  in the wavelength in terva l  between 2 and 8 8 
( t h i s  amresponds t o  photon emrgy betwean 1.5 and 6 kev) 
t b  %-ray t e l e $ a o p , R  aoaslbting of phQtOn oountQT8, regie- 
tars a p p o x i m a t e l y  20 photons i m i d e n t  per  seaond per squsra 
oent imster  of counter  surfhoe. Deteated %n a d d i t i o n  were 
dieareto souroe8 of X-radiation i n  the e o n s t e l l a t i o n s  Soorpfo 
and Tam- (there are preliminary indiaationrc o r  the exiet- 
enee of other ,  orsaker 80uroes a8 well). The X-ray photon 
flux from both the above-mentione8 e o u c 0 8  amounter, respea- 
t i v s l y ,  t o  80 and 2.5 photons par square eontimeterr parr 
seaond (in the, wavelength i n t e r v a l  between 2 an8 8 8 1 ) .  

But w h a t  i o  the nature o f  mania X-radiation and, 
in p a r t i c u l a r ,  o f  the "dimrote s o u r ~ e a ) , ~  whioh night yravi- 
rrionally be aal led  %orax starr?" Ao wmpletely d e f l n i t e  
a n m m  has a8 yet been obtained t o  t h i s  qpest-ion. X-ray8 -- j u s t  a8 gamma radiation -- may be generated by aleotrons 
as a remit o f  their d s o e m a t i o n  daring  m1Usion with ions, 
o r  by e l e o t r o n  orerattering by ogt i ca l  photons, The only dif- 
fsrrencs is t h a t  X-rays are  produrred by elootrom with w m -  
p a r a t i v e l y  am11 energy (say, lea8 than 1 MeV), and we know 
praatica1l.y nothing about the number of these in  the v a r i o u s  
regions of the Uhirerse [See Rote a]. This  &et attests onoe 
more, thou@, t o  We v a l m  of the Zethoas of x-ray astromm 
uhiah make i t  possible to obtain ckta about eleotrona with 
the appropr i a t e  energy, It rroald Im e n t i r e l y  posaible  far 
the oornoretely obsarved imtropie X-ray8 to k praduoetl in 
i n t e r ~ l a e t i o  w e e  pp%oimIy by virtue of W scattering o r  
these eloutrons by opt ioa l  photons, A l though  this qautim 
fs exueedingly inWumsting and = have r rye  ta aarke progrsars 
( it  im, primrily, a matter of d i n g  spaetral obsamationrr 
and oenfl- the fiat; of the radiatfaDts imtropfsm), the 
problem of diaorete X-ray 80uroa)s ha8 oom t o  be WwidarabXy 
mort aeute, Thisr i8  explained by the faat tha t  neutrol& E r t U 8 ,  
which hape a t t r r t a w  a%tentioa (for the t ims  being,  fa theory 
only) far about thirty yeare m u ,  may be an& p#)uroea [See 
Note I) b l .  

[Note 81: Usually mid to be aarnio ray8 are ohaarged 
par t ic lea  of z a m i a  o r f g i n  with energy m a t -  than  abous 100 
M e V ,  Sof t e r  p a r t i c l e a  (mmatimes Balled rrabooemio rays) oan- 
not rea& the  Barm and are therefore not observed by the 
mthoda of m m h - n y  phy8ia8, 

[Note - b]: See Priroda (Nature) ,  1960, No, 11, pp 14- 
21. 
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D u r i n g  the burn-up of the  nuclear fuel t h a t  s u s t a i n s  
stellar luminecroence stars are gradual ly  comweaeed and trans- 
forlPed i n t o  dwarf stars consisting o f  dense ionized gaa. How- 
ever,  a8 a star wrbeequently coola off -- so o a l c u l a t i o n s  
&ow, its t r a n s i t i o n  t o  the neutron state m y  prove t o  'be 
advantageous from the energy standpoint,  This means tha t  
protons m&ine w i t h  e l eo t rons  and , emi t t ing  n e u t r i m s ,  change 
i n t o  neutrons (grouesa P +  a - + n  + u ) ,  In the neutron 
s t a t e  B star ha@ about t he  same dens i ty  as atomio nuclei -- 
me are talking about an areraga dens i ty  equal  t o  approximately 
lo1* grama per edict uantimetar, t h a t  is about IOO,OOO,OOO 
t o n s  per oztbio metar. Therefore a a t a r  with the Sun's mss 
on t r a n s i t i o n  to the neutron state has a t o t a l  radius of the 
order of ten k i lomaters ,  *erearr the radius of the  solar 
photosphere visible t o  the eye wmes t o  700,000 ki lometers  
( the Sun's dmsity io about equal t o  the dBnsi ty  Of Water, 
i .  e. 1 g/eu Pbeter), The mount  of l i gh t  eanitt;ed by a star 
is obviously p r o p o r t i o n a l  t o  t h o  area of i t 8  Smfaoe, i .  e. 
t o  the square of i t8 radius. I n  t h i s  COIIneotiOn, if t h e  Sun 
were to change i n t o  a neutron s t a r  (whiah is o l sar lg  impoasi- 
b l e  i n  OUT epocth), it would, given the same surfhoe (photo- 
sphere) temperature, begin to  e m i t  a billion times leas l igh t .  
Swh is t h e  reason why i t  was for a long time beliewed impossi- 
ble to observe neutron stars unless  by 80- miraole they 
ahwld grove to be aituated quite close t0 tw, 

In the last tvm or three  y e a r s  it has becorns c l m r ,  
ha tever ,  t h a t  this conclusion ie wrong, A o t u a l l y ,  when a 
neutron a t a r  is formed, i t  hmte up and for a o e r t a i n  period 
( s a y ,  h ~ n d r e d 8  of years) it my well be conrsidarably h o t t e r  
than the Solar photosphere, t h e  temperature of mich iB about 
6,000°,  
i n  thermal equ i l ib r ium the energy of ebo t romagne t io  radia- 
is propor t iona l  t o  +, where T i 8  erurfioe temperature , ~ u r -  

wave r a d i a t i o n  w h i u h  it ernite i n  the main, so that fbr *he 
maximum i n  the speotrum the produot of wavelength times 
tempra t ta re  T remain8 oonatant (Wien'a displaoemerrt; law), 
Heme it is easy to see t h a t  a s ta r  with a temperature of 
10,OOO,OOQo will, in the main, a l r eady  muit X-rays [See Note], 
This r a d i a t e d  power is 80 great t h a t  with e x i s t i n g  "X-ray 
teleempeea one would be able to obeerve a neutron star thon- 
sands of l ight  years amy, 
Scorgis an8 Taurus hot neutron etar8P 

r ave  & z 5 , O O O  8, Therefore a t  T =  10 degree8 wave 

But the hot ter  B body is, the more it m d i a t e s  -- 

ther,  the hottm Q body i 8 ,  the the a m a n t  of 81Prt- 

So are n o t  the X-ray ~ourco8s i n  

[Note]: The maximum in the Sun' speotrum f a l l s  on $ 



corresponds to the  maxim^ in the apeatrum, 

from aetronomars and physicirrts i n  many aount r ies ,  
glame, t he  hypothesis of the neutron n a t u r e  o f  "X-ray 8taraP 
is seemingly earsgT t o  v e r i f y ,  
em11 t h a t  the X-ray m u r a e  aeaociated with them must 8 6 ~  to 
be a po in t  muroe, given the higheat angular reaoIn t ion .  More-  
Over, the frequenay speot r tm of thermal r a d i a t i o n  i a  well  
known and one @an therefore, in principle, a s o e r t a i n  *ether 
i t  i a  a thermal souroe or n o t  (the radiation of neutron stars 
has t o  be thermal r a d i a t i o n ) ,  One m u ~ t  not, hwmer, fbrmt 
the weak pointr in the newborn X-ray an3 gmdnaga astronomy, 
E x i s t i n g  instrument8 are not  yet uapabla of performing a 
apeatrum analyois ,  and the low angular r e s o l u t i o n  ie l i t e r a l -  
l y  *e "Achilleat heel" o f  these nen branches of astronomy, 

This question has r tsomtly a t t raoted great a t t e n t i o n  
A t  first 

Thus, neutron s t a r s  8pe so 

Opt ica l  astronomy grorridas r e a o l u t i o n  uhich uaually 
doe8 m t  ero@ed one angular  seoond ( a t  t h i s  angle a m a t &  box 
ie visible a t  a dicrtanee of approximately t en  k i lome te r s ) ,  
In rad lm aetronony la angular r e so lu t ion  w a s  for a long tips 
a great ebataale and not u n t i l  r ecen t ly  was a r e s o l u t i o n  ex- 
tending Co i r a o t i o n s  of an angular second obtained -- and 
t h i s  i n  exoept iona l  O ~ S O L I ,  However, the angular  r e s o l u t i o n  
o f  a e  "X-ray telesospsrA ursed does not exoeed several de- 
greea,  
possible t o  br ing  the  rerrolving power of "X-ray t e l e e i m g e a ~  
UP ts approximately ten angular minutes,) 
d i r e o t  determination of angular dirnensione of X-ray sourpeea 
is out of  the q m e t i o n  i f  them dimension8 are apprec iab ly  
lees than e e v e r a l  depeee ,  A t  the same t i m e  the i d e n t i f i c a -  

pered, f p h u  the above-mentioned X-ray 8ouTce i n  Taurus i a  
in a region of t h e  motla Crab Nebula about five angular 
minutes  i n  size. ThepTeibre it seemed q u i t e  probable that  it 
waa the Crab Nebula emi t t ing  the X-rays bat there was no 
o e r t i t u d e  of this  f a e t  u n t i l  r e a e n t l y ,  To an meb g r e a t e r  ex- 
t e n t  has the quest ion 88 t o  the na tu re  of t h e  ~ o u r c e  remained 
sbaoure: it might prove t o  be a neutron s ta r  a i t u a t e d  in the 
Crab Nebula, or 811 extended $our08 l inked  with 88186) Neb- 
ula [See Note], 'Phe Moon h a s  helped t o  solve this v i t a l l y  
important problem, 

(Acoording ts reoent  information i t  has already been 

In t h i s  wnneot ion ,  

t i o n  Of X-ray 8QuT868 with v i a i b l e  ObJectt6 iS Very muah h m -  

[Note]: The Crab Nebula is the envelope of a super- 
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nova t h a t  bu re t  out i n  1054, The opinion 18 prevalent  t h a t  
the ou tbur s t  of a supernova is assooiated with a star 'e  
t r a n e i t i o n  ( o o l l a p s e )  i n t o  the neutron s ta te .  Thereiore  the 
attempt t o  d e t e o t  a neutron star i n  the Crab Nebula is of 
dlpe cia 1 i n t  emat , 
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Figurn 10. Varia t ion  of X-ray i n t e n s i t y  -- a8 measured under t e r r e s t r i a l  oondf- 
tionrr -- from po in t  ( left)  and extended 
( r igh t )  fixed 80uroe8 dur ing  muroe1a oe- 

ealtation by the Moon. 

1. X-ray intensity 3, Extended muroe 
2, Point mum8 4. ti- 

On 7 J u l y  1964 the Crab Mebula was ooatllted by the 
Moon (io e, it was shielded from a terrestrial observar by 
the 1- ai&). D u r i 4 g  this period Amerimn g h y a i e i s t s  suo- 
oeeded in dispatch ing  a rooket with X-ray uountera and it was 
found that preoiaely during the  oaou l t a t ion  of the Crab Neb- 
ula the signal from the X-ray 8ouToe begins t o  fade. But 
the main thing, reoept ion  strength (the n u h e r  of X-ray pho- 
tons regiatered per time unit) diminishes in proportion with 
the ooou l t a t ion ,  gradua1I.y ratha than sharply. 
i n d i c a t e s  q u i t e  d e f i n i t e l y  tha t  the  X - r q  8 o m m  in the  Crab 

This f a d  

17 



ie no t  associated with a neutron star (such a star ,  by virtue 
of its neglligible angular dimensions, would be occul ted wall 
a t  onoe," i ,  e, reception s t rength  would drop sharply ta- zmo; 
see Figure 10) [See Note]. 

[Not e1: Morst unfortunately,  the  "lunar-occulta t i o n  
method" is exogedingly limited, In t h e  first place, the Moon 
i n  its niovement around the Earth oooulta o n u  part of  the 
firmament (we refear t o  the making of observations in the v i -  
o i n i t g  of the Earth]; i n  ULS mcond plaer,  even in those  os8es 
where oocwltation is pose ib le ,  generally speaking it takes 
plaae very rarely, For examgle, the nex t  time the Crab Nebula 
will be oooulted rill not be until 1972, 
t e l e scopes  will probably be significantly improved and, more- 
over ,  it will be p088ibls t o  mab X-ray obaeroations by means 
of long-raage r o o l n t r ,  which will make it po88ible t o  bring 
about the lunar o o e u l t a t i o n  of souroes a t  our  option (obvioue- 
l y  for any SOU TO^ there is a region of spaoe where this 
aouroe is obscured by the Moon). 

By t h a t  time X-ray  

In all p r o b a b i l i t y  the X-radiation of t h e  Crab Nebula -- Jus t  as the r a d i o  emission and the greater gart of the op- 
t i u a l  radiation of  this Nebula 0- i a  o f  a magnetio-Bremastrahl- 
ung na'tAT9, It will be POESible t o  prove t h i a  8 S E u m p t f O l I  
d e f i n i t i v e l y  on ly  as a reeult of mre d e t a i l e d  imrea t iga t ion ,  
in particruler by determining .the r a d i a t i o n  epeotrum or asoer- 
tarining i t 8  p o l a r i z a t i o n ,  But whatever the m8wer may be, de- 
t e o t i n g  the X-radiation from the d i 8 i n t e g r a t i n g  envelope Of 
supernovae is of prominent a ignif ioanoe,  

Nor in  our vier can one regard as d i e m e d i t e d  the idea 
a s  to the f e a s i b i l i t y  o f  obaarving neutron s t a r s  by their X- 
radiation, To be sure, 88 explained a t  preama, neutron 
stars g0odbIgr p a w  o v e ~  into  a epeoial mug83~fLuid 6tarta, 
rhioh r e s u l t s  in their  more rapid oooling. Therefore, perhapr, 
a remote neutron star oan be o b e m e d ,  even in an X-ray region, 
f o r  only  a faw years or  laonthe a f t e r  i t e  formation, Nor do 
we kmn the frequenoy with nhiah neutron star8 appear in the 
Gala-, From t h i s  alone i t  f o l l o r e  that there is no f l n u  
o e r t i t u d e  that neutron ertars ean be observed in  the mar fb- 
ture, But earrely scr i sa t i f io  researoh is not oondaated on lg  
when the result  is known or rhen there it3 110 doubt QB to the 
sutx$e88 of the research ,  Ba we know, thfa is far from be- 
the ease, and the oonorete attempt t o  f ind  neutron s t a r s  is 
a s u e d l g  becoming one of the m a t  alluriag problem of X-ray 
astronomy, 
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Oamna astronomy and X-ray astrollomy are in a nasoent 
Q stage, In t h i s  f i e l d ,  unleas we mention reoeption of the 

Sun's X-radiation, fen experiments i n  a l l  have beea uonduct- 
ed, But these very first Hepa a t t e s t  that a new and sx- 
oesdingly  promising method of spaoe researoh h e  appeared, 
What i s  more, la t h e  next feu yaare, perhaps, gam and X-my 
as*ronomy r i l l  render iasst imabls  prarvlioe i n  behalf o f  the 
developmmt of astronomy t a ~  a whole. 
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